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Chapter. 1. 
Introduction 
A variety of factors, temperature, photoperiod, 
rainfall, food availability and others, have been found 
to stinr.1late reproductive and migrational activity in 
various vertebrates. Seasonal variation in light has 
been well studied as the causative factor in the stimulation 
of reproductive and migrational activity in fish. birds, and 
mammals. Light is generalYy believed to be the most critical 
'single environmental factor in regulating the development and 
periodicity of reproductive activity (Gorbm.an and Bern, 1962). 
· Sexual periodicity is not a direct function of the external 
environment but is governed by two main factors, internal 
gonadal rhythm and an external environmental stimuli. The 
former is characteristic of the species while the latter 
determines the precise time of breeding (Bullough, 1951). 
Both Internal and external factors have been shown 
to play a part in the annual testicular cycle in the frog 
~ temporaria. However, in this situation, it is temperature 
and not photoperiod which is the important external factor 
(van Oordt, et al., 1959). In the frogs Rana esculenta, 
R. sraeca and Leptodactylus ocellatus, in the newts 







•salamander Geotriton fuscus, tempe:t·atures of approximately 
. '4' 
20 degrees centigrade induced spermatogenesis while lower 
temperatures inhibited it. Telmatobius schreiteri and 
Erla raddiana andina which live in a:r.:eas of low winter 
temperature and the tropical and subtropice.l species, 
~ erytrea, E,. gr~, R. tigrina, ].!:!!2, melan.ostictus, 
1!. arenarum, ,£. paracnemis, ;g. granulos1lll. d'orbi.r,nY.b 
Leptodactylus ocellatus reticulata, 1· 2.• bonaerensis, 
have continuous spermatogenesis {van Tienhoven, 1968). 
~erefore, spermatogenesis may or may not be independent of 
temperature. 
Bainf'all appears to be.another stimulator of 
reproductive activity, especially the reproductive :nigration 
prior to breeding {Gorbman and Bern, 1962) •. Packer {1960) 
has shown that rainfall is the important factor in ini tiati:rig' 
the reproductive·migration of Taricha rivularis. 
It has been sho~~ that a wide variety of vertebrates 
have become adapted such that increasing photoperiod acts as 
an 1n1 tiator for the reproductive activity.. It is . equally 
The 'function of light in the reproductive cycle in 
amph1 bians has not been extensively studied. However·, Farner 




suggests that photoperiod may play a role in the testicular 
cycle of ~ esculenta. The purpose of this paper is to 
study the effect of light on the gonads and the gonadotropic 
hormone forming cells of the adenohypophysis in the newt 
Taricha granulosa granulosa. 
"-'----=---=-----·-· 
----
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Chapter 2 
Natural History 
Recent taxonomic treatments on the genus Taricha, 
family Salamandridae, have shown a difference of opinion on 
the relationships of the group. Riemer (1958) recognizes 
three species, I· rin1laris, I· torosa and !• granulosa, and 
upholds the subspecies of I· !· slerrae and I· ~· mazama~. 
Pimentel {1958, 1959), however, recognizes two species, 
I• r1vular1s and I· torosa, and proposes that the six subspecies 
I• !· torosa, I· !· sierra~, I· S• granulosa, I· ~· ~azamae, 
I• li• tw1tty1 and I· g. !timulans be assigned to the species 
~. torosa. Stebbins (1966) lists three species of Tar~ 
' and has therefore apparently agreed with Riemer• s classlf1cation. 
While the author must admit that he has observed animals which 
would support combining T. granulosa and I· torosa in the same 
species, he will submit to the authority of Stebbins. The 
natural history of members of the. genus Taricha is well 
documented (Ritter, 1897; Chandler, 1918; Storer, 1925; 
Smith, 1941; Twitty, 1942; Stebbins, 1951, 1951l-, 1966; M1.ller 
and Robbins, 1954; Riemer, 1958; Packer, 1960; Pimentel, 1960; 
and Storer and Usinger, 1966), 
T. granulosa, the rough-skinned newt, has the most 
extensive range and 1s the most aquatic of the three species 
4 
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of Tarich~. Stebbins .(1954. 1966) gives the range of 
!• £~Ul~ as extending along.the coast from southeast 
.Alaska to south Santa Cruz County, California, . west of. the 
Cascade Mountains, and south in the foothills of the Sierra 
Nevada to Magalia., Butte County, California. There is also 
an isolated segment of the species which extends from the 
Moscow Mountains. I,ata.h County, Idaho, to Thompson Falls, 
Sanders County • Monta:'la, :r_. li• mazamae is found around Crater 
Lake, Crater Lake National Park, Oregon, and T. a. gran~losa 
inhabits the rest of the range of the species. The newt can 
·be found in humid coastal i'orests, grasslands, ponds, reservoirs 
and slo.w moving streams. 
1:_. gran'::!Josa, like the other two members ·Of the genus, 
is terrestrial paTt of the year and aquatic the remainder of 
the time, Terrestrial existence is mostly subterranean except 
for the periods. of migration either to or from the water, 
Whether the subterranean period is a period of estivation 
(Miller and Robbins, 1954) appears to be unknown. Aquatic 
life is associated with reproduction. Spawning occurs from 
late December to July (Stebbins, 1954). The eggs are laid 
singly and attached to bits of grass, stems, twigs or other 
objects, Upon metamorphosis the larval stages become 
terrestrial. 'fhe young newts remain 011 land until they 
are sexually mature, at which time they rett\rn to the water 
to reproduce. The adults return to the terrestrial environment 










Materials and Methods 
A total of 105 (57 males and 48 females) Taricha 
sranulosa granulosa were purchased from the Fort Bragg Trout 
Farm, Fort Bragg, California., in early October, 1969, The 
animals were kept in a wooden box measuring four meters by 
three-quarters of a meter. At one end of' the box was a pool 
1d. th continuous running water. The bottom of the box was. 
covered with a type of sphagnum moss which was kept moist. 
"The experimental area was illuminated by two flourescent lights· • 
. ·The photoperiod was set at 1.2 hours of light and 12 hours of 
"dark which approximated the natural photoperiod length of 
October. The animals were maintained under these conditions 
and fed earthworms until the end of March, at which time the 
photoperiod became inexplicably altered to 24 hours of light. 
The photoperiod was then maintained at this condition until 
the commencement of the experiment in June, 1970. 
On 23 June, the animals were separated. into three 
equal groups of 11-5 individuals each with approximately the 
same size distribution. Each group was placed in a wooden 
experimental area measuring 254 em. x 21.5 em. At one end 
of the enclosure was a pool measuring 81.5 em. x 21.5 em. 









second group was subjected to 12 hours of light and 12 houro 
of dark in each 24 hour cycle, and the third group ·Nas main-
tained on a 21"' hour light photoperiod. The room temperature 
was maintained between 16 and 20 degrees centigrade and the 
relative humidity between 50 and 80 percent. 
The experiment con.tinued for three weeks with five 
animals removed at random from each section f'or examination 
on the third day and every three days thereafter for the. · 
duration of the experiment. The animals were sacrificed, 
and .the total body weight recorded.. The gonads were removed, 
the wet weigh·t noted, and the dry weight recorded after 
drying in an oven at approximately 70 degrees centigrade ·for· 
48 hours. 
The percent watt'lr data for the gonads was analyzed 
by a two-sided Student's t-test (Simpson, et al., 1960). 
Sequential sample pairs (Sample 1 compared with Sample 2, 
Sample 2 compared with Sample J, etc.) for the total wet 
gonadal weight for both males and females were compared with 
Student's t-test. 
The head was removed from the body, a~d the lower 
jaw cut away to expose the roof of the mouth. The pituitary 
was exposed. and the entire head fixed in Hally's fluid 
(Gurr, 1956; McManus and Mowry, 1960) for 48 hours. After 
fixing, the entire brain was removed from the brain case and 
washed.1n running water for 12 hours. Washing was followed 
by standard dehydration through graded alcohol and clearing 
-,,-------





1n :xy~ol. The brain was embed.ded in 56-57 degree paraffin 
wax and sectioned at five microns. Sections were attached 
to the slides with Mayer's albumin fi::z:ati ve (Humason, 1962) 
and stained with periodic acid (Hotchkiss)-celestin blue 
technique {Gurr, 1956) with the elimination of the toluidine 
bl.ue step. The stained slides were dehydrated in alcohol, 
ol.eared in xylol and the coverslip mounted with kleermount, 
Microscopic examination of the adenohypophysis 
consisted or subjectively selecting the mid-sagittal section 
and superimposing an ocular grid over the mid-section of the 
adenohypophysis at 450 power. The grid consisted of J6 blocks 
from which eight b1ocks were chosen at random with the aid 
of a table of random numbers. The numbers of acidophile ru1d 
basophils within each of the eight blocks were counted and 
the data analyzed with the Mann-Whitney U test or rank sum 





The data for each sample period within each of the 
environmental conditions is presented in tables 1, 2 and 3. 
The mean total wet body weight for the 57 males was 10.84 
grams and 8.22 grams for the 48 females. 'l'he mean wet testes 
weight for all of the males was 1.54 percent of the total wet 
body weight. The mean percentage of wet ovary weight to total 
wet body weight for all 48 females was slightly higher at 
The graphs of the gonadal percentage of water for 
the males and females of each of the environmental conditions 
' (Figs. 1, 2, 3 & . 4) indicate that a possible sexual dimorphism 
exists. In most instances, the testes had a higher percentage 
of water than the ovaries, However, student's t-test indicated 
that the differences. in all samples were not significant at 
the o.o; level except in Sample 2 in the 24 hour light group 
(Fig, 1). 
Student's t-test was applie~ to compare the testicular 
percentage of water in sequential pairs of samples (Figs, 1, 
2, 3 & 4), The t-test was significant at the 0.05 level, and 
the null hypothesis rejected in each test. 
Student's t-tests comparing sequential pairs for the 
total wet gonad weight of both males and females (Figs. 5, 
9 
10 
6, '1 9 8 & 9) \'iere significant at the 0.05 level. 
~he range and median for the number of adeno-
hypophyseal basophilic cells counted within eight randomly 
chos.en squares is presented in Figs.; 10 & 11. All of the 
U tests applied to the data for each of the sequential pairs 
of samples under each of the environmental conditions were 
significant at the 0.05 level except the comparison of 
Sample 4 and. Sample 5 of the 24 hour light group (Fig. 11). 
The null hypothesis was rejected in all tests except the 
test comparing Sample 4 and. 5. = 
-----~---~------------~~~~-~~~~--"'" 
Table 1 
Data for Taricha ~· granulosa Subjected 
to a 24 Hour Light Photoperiod 
--
Sex Total Body Total Wet Total Dry Number of Number of 
Weight in Gonad Height Gonad Weight Acidophils Basophils 
Grams in Grams in Grams in 8 Blocks in 8 Blocks 
Sample 1 
0 9.089 0.126 
r:f 12.307 0.290 35 44 
rJ' 7 .494' 0.193 8 62 
0 7.300 0,122 38 33 
r1 12.195 0.108 17 /~8 
Sample. 2 
c! 15.038 0.144 0.020 4 57 
c! 12.965 0.369 .0.036 3 57 
r:J 13. lf48 0.209 0.026 4 ~<; ~-
0 13.567 0.164 0.020 5 40 
9 9.926 1.398 0.023 5 41 
Sample 3 
d' 5.952 0,007 0.001 5 51 
c! 9.439 0.090 0.013 
0 10.591 0.009 0.001 
d' 13.896 0.156 0,028 5 52 
r! 14.660 0.278 0.032 
Sample 4 ..... 
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Table 1 Continued 
Sex Total Body Total tJet Total Dry Number of Number of 
Weight in Gonad Weight Gonad Weight Acidophils Basophils 
Grams in Gllams in Grams in 8 Blocks in 8 Blocks 
cf 8.115 0,086 0.009 4 37 
9 8.029 0.142 0.017 llf 36 
9 8.305 0.212 0.029 2 52 
rJ 7.319 0.020 0.002 2 43 
Sample 5 
d' 11.390 0.257 0.030 11 62 
r! 9. 724 0.148 0.016 6 57 
t? 7.961 0.118 0.016 2 46 
~ 9.244 0.272. 0.041 6 53 
9 7.828 0.095 0.014 
Sample 6 
t;f 9.889 0,265 0.030 3 28 
d' 8.782 0.103 0.007 4 38 
~ 5.923 0.249 0.015 2 51 
rf. 15 . .477 0.331 0.027 8 47 
!j.l 6.590 0.155 0,019 1 51 
Sample 7 
'? 6.081 0.152 o.o:n 0 45 
~ 
8.339 0.148 0.019 4 48 
5. 777 0.074 0.007 
9 8.138 0.112 0.015 
9 8.345 0.238 0.040 .... 
N 
1::1 l :r : ],_;] ' II 'I ]J,,] 1·r " ,, ! I i; ' I I . I . I 
; II 
. I 




Data for Taricha _g. granulosa Subjected to 
a 12 Hour·Light-12 Hour Dark Photoperiod 
Sex Total Body Total Het Total Dry Number of Number of 
Weight in Gonad lveight Gonad ~.Jeight Acidophils Basophils 
Grams in Grams in Grams in 8 Blocks in 8 Blocks 
Sample 1 
d' 9.699 0.113 
d' 10.191 0.127 
9 8.757, 0.229 5 44 a 9.611 0.082 2 44 
~ 8.896 0.241 1 47 
Sample 2 
~ 
5.651 0.060· 0 52 
10.095 0.072 0.007 1 56 
9 10.273 0.13.5 1 52 
c:l 9.114 0.204 2 56 
~ 11.857 0.191 4 33 
Sample 3 
0 11.998 0.153 0.021 
J 9.866 0.170 0.023 5 52 14.719 0.323 0.022 1 50 
r$ 8. 722 0.176 0.016 1 45 
9 11.083 0.233 0.038 5 44 
Sample 4 
0 9.998 0.100 0.010 14 44 ...... "' 
'lr 1- -~----~ I ... l 
ld.l ; r;1 1, -~ 
: i .I I I ! ; 
! I 


















































Table 2 Continued 
Total vJet Total Dry 
Gonad Height Gonad Weight 
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Data for Taricha £• granulosa Subjected 
to a·24 Hour Dark Photoperiod 
Sex Total Body Total VIet Total Dry Number of Number of 
Height in Gonad Height Gonad Height Acidophils Basophils 
Grams in Grams in Grams in 8 Blocks in 8 Blocks 
Sample 1 
0' 12.446 0.172 5 56 
rJ 11.468 0,256 
9 11.546 0.479 6 59 
~ 
7. 918 0.180 4 61 
12.195 0.186 9 59 
Sample 2 
9 12.593 0.348 0.055 7 52 
0 4.823 0.007 o.ooo 
cf 12.173 .0.271 0,028 
rJ' 13.217 0.176 0.018 7 62 
d' 14.568 0.428 0.043 4 54 
Sample 3 
0 10.737 0,221 0.020 
c1 11.294 0.164 0.017 5 52 
~ 
10.117 0.224 0.034 0 46 
11.953 0.138 0.015 3 54 
d' 13.309 0.206 0.020 5 60 
Sample 4 
~ 10,044 0,301 0.045 9 51 .... "' 
r, l 
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Table 3 Continued 
Sex Total Body Total Wet Total Dry Number of Number of 
Weight in Gonad Weight Gonad Weight Acidophile Basophile 
Grams in Grams in Grams in 8 Blocks in 8 Blocks 
~ 
6. 722 0,129 0,018 9 47 
15.963 0.352 0.034 3 60 
!;1 5.366 0,081 0.011 
~ 4.160 o.ooo 0.000 3 52 
Sample 5 
d' 11.161 0.102 0.014 6 50 
~ 
6 .• 972 0.188 o.o2s· 5 46 
14.1.74 0.397 0.034 8 so 
~ 6.933 0. llf3 0.021 15 46 
~ 9.181 0.288 0.050 7 48 
sample 6 
~ 10.830 0.176 0.009 0 53 
~ 
7.537 0.108 0,011 1 61 
6.423 0.082 0.009 
g 7.527 0.159 0.018 5 52 
~ 6.891 0.162 0,028 7 41 
Sample 7 
!i! 8.935 0.218 0,031 
d', 8.058 0.033 0.002 
9 7.496 0.174 0,022 
Cf 7.801 0.177 0.028 3 45 
d' 12.270 0.254 0.023 
.... 
"' 
,, ~ I 1,,!1 
'l 
.li '· 1!1 I' I .li. i::l:: 
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Figure 1, The Range and Median Percent of Water 
in the Gonads in Both Male and Female Taricha 
S• granulosa Subjected to a 24 Hour Light 
Photoperiod, Vertical Line Represents Range, 
Horizontal Line Represents Median, 







































































Figure 2. The Range and Median Percent of Water 
in the Gonads in Both Male and Female Tar1cha 
.6.• granulosa Subjected to 12 Hour Light-12 
Hour Dark Photoperiod. 
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Figure J. The Range and Median Percent of Water 
in the Gonads in Both Male and Female Taricha 
~· granulosa Subjected to 24 Hour Light 
Photoperiod. 
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Figure 4. The Median Percentage ot Water 
in the Testes of Tarioha g. granulosa 
under the Environmental Conditions of 
24 Hour Light, 12 Hour Light-12 Hour 
Dark or 24 Hour Dark Photoperiod. 
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-·24 Hour Light Photoperiod 
---12 Hour Light-12 Hour Dark Photoperiod 
---24 Hour Dark Photoperiod 
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2 3 4 5 6 
Figure 5. The Median and Range of Wet 
Gonad Weights of Both Male and Female 
Taricha g. granulosa Subjected to 
24 Hour Light Photoperiod 
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Figure 6. The Median and Range of Wet 
Gonad Weights of Both Male and Female 
Taricha a• granulosa Subjected to 
12 Hour Light-12 Hour Dark Photoperiod 
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Sample No •. 1 2 3 4 5 6 7. 
Figure 7. The Median and Range of Wet 
Gonad Weights of Both Male and Female 
Tarioha ~· granulosa Subjected to 1\) 
24 Hour Dark Photoperiod 
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Figure 8, The Median Wet Testes Weight 
for Taricha g. granulosa Subjected to 
each Environmental Condition 
·····24 Hour Light Photoperiod 
--12 Hour Light-12 Hour Dark Photoperiod 
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Sample No. 1 2 J 4 s 6 ? 
Figure 9. The Median Wet Ovary Height 
for Truj,_gha g_. granulos'i!c Subjected to 
each En·viror..mental Condition 
------24 Hour Light Photoperiod 
-·--12 Hour Light-12 Hour Dark Photoperiod 
----24 Hour Dark Photoperiod 
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December 21, 1969, was the shortest day of the yea1· 
at Fort Bragg, California, with eight hours and 46 minutes 
from sunrise to sunset, The photoperiod increased until 
22 June, the longest day of the year, which had 15 hours and 
two minutes between sunrise and sunset. The increasing 
photoperiod from late December to late June corresponds closely 
with the spawning period of I· g. granulosa which extends 
fcrom late December until July. 
The natural history of !• granulosa 1s similar to 
that of the closely related !· torosa, The breeding period 
of I· torosa is almost identical to I· granulosa except that 
it tends to terminate in May rather than July (Stebbins, 1954). 
It would seem reasonable to assume that the occurence of 
gonadal maturation of the two species should approximately 
correspond. 
Smith (1927) and Miller and Robbins (1954) have 
shown in I· torosa that the testes of most animals are mature 
at the end of estivation in October and consist of several 
similar lobes. Each testis consists of a mature lobe which 
constitutes approximately 75 percent of the lobe mass. After 




and the immature .lobule of the testis undergoes spermatogonial 
mitosis which. increases the amount; of testicular tissue. 
;Spermiogenesis occurs during the estivation period. The 
ovaries are reported to be about 75 percen-e mature at the 
~nd of estivation. The same general pattern of testicular 
reconstitution after breeding seems to occur in many urodels, 
Desmognath~ fUsca, Eurycea bisl1neata, Triturus viridescens, 
Triton e.lpestris, :;£_. palmatus, T. vulgaris and !· cr1status 
(Miller and Robbins, 195,4). 
Spermatogenesis and spermiogenesis in T. torosa takes 
place during the summer and early fall, while spermiation occurs 
one to two weeks before breeding. When the testis lobule 
contains primary and secondary spermatocytes and untransfoi·med 
,, spermatids it is translucent pale gray, but it is glistening 
opaque white when the lobule contains mature spermatozoa 
(Miller and Robbins, 1954). When the males in this study were 
sacrificed, their testes were found to be in the latter category. 
There is an increase in water uptake in the testes during 
spermiation (Gorbman and Bern, 1962; van Tienhoven, 1968), 
Student's t-test comparing sequential pairs for a change in 
the percentage of testicular water was significant in all tests, 
In addition. there was no evidence that any of the lobules 
of any males had undergone sperm evacuation. 
It gametogenesis in T. granulosa is initiated by 
the environmental factor of light, the stimulus must be a 







deoreeu:llng photoperiod as a .stimulator is not unreasonable. 
It has been shown that the gonadotropins, follicle-
stimulating hormone (FSH) and luteinizing hormone or 
interstitial cell stimulating hormone (LH or ICSH) are 
under the control of the adenohypophysis and these hormones 
are 1argely responsible for gametogenesis, spermiation ~1d 
ovulation ln amphibians (Bullough, 195.1; van Oo:rdt, .:U:. al., 
1959; van Tienhoven, 1968). Both FSH and LH have been shown 
to be glycoproteins and are produced by the delta basophils 
of the adenohypophysis (Ham, 1965). Miller and Robbins (1955) 
have shown in I· torosa that there is a cyclic change in the 
delta basophils (oyanophils) with the cells shoWing the largest 
increase in size and number during the spring migration. They 
r become maximum during the six weeks previous to and during the 
breeding period. A close relationship between the oya."loph1ls 
and gonadal restoration is suggested by the increase of delta 
basophils coincident with the beginning of spermatogenesis 
and oogenesis in the spring months (Miller and Robbins, 1955). 
Upon examining the results of Student's t-tests and 
the Mann-Whitney u tests under the oondi tions and circumstances----
of this experiment, it is not possible to state that any of 
the three photoperiods had any effect on the maturation of 
the gonads, spermiation or the number of delta basophils of 
the adenohypophysis. If photoperiod, as tested in this study, 
had affected gonadal maturation and therefore caused a delta 




have . been eX}1ected,. Either a sudd.en change or a, 'slow change 
in the degree of gonadal maturation and deltabasophilic cell 
number, Both of these type of results could have been 
verified by the U test. In the former, the null hypothesis 
woul.d have been accepted for-samples in the initial period 
of the experiment and then rejected in the later periods. 
In the latter, it is probable ·that in sequential pairs of 
samples the null hypothesis would have been rejected, In 
each U test the U value was significant at the 0.05 level. 
The null hypothesis is therefore rejected, and it must be 
concluded that the effect of light can not be demonstrated 
statistically. However, it is possible that light did affect 
a cha."lge l~i thin each three days between sample periods, By 
examination of Figs. 4 & 9, the latter explanation can be ration-
alized by stating that light induced a random change in both 
delta basophilic-cell number and gonadal maturation. Perhaps 
more realistically, the results can be viewed simply as 
. 
variation within the population. 
Miller &nd Robbins (1954) reported that in!· torose. 
about one-half of both the males and the females of pre-breeding 
adult sized animals had immature gonads. They suspected that 
these animals represented a portion of the population which 
does not breed every year •. Non-breeding individuals could 
have introduced error due to the small sample size of this 
study. For example, none ·of the females in the study could. 





!:1 this study the.· mean wet ovary weight was 2.57 percent. · 
The mean mature ovaries of !• torosa constituted five .percent 
of the total body weight and the mean testes were one perc.ent 
ot the total body weight (M11.1er and Robbins, 1954). Apparenyly 
the males of this study were sexually mature since the mean 
testes wet weight was 1.51~ percent of the wet ·body weight. 
Direct 1nfererlces from this study t~o a natural 
situation mu.st be undertaken with caution. A large number 
of variables could have influenced the study animals.. In 
ad~.1t1on to the various environmental synchronizing stimuli, 
light, temperature, rainfall, food availability and visual, 
auditory .and olfactory stimuli, it has been shown that .there 
are er1dugenous oircrumian S.."ld circadian l'hythms in various 
vertebrates (van Tienhoven, 1.968). The large amount of 
variat:l.an in the data of this study could have resulted from 
light, auditory 1 visual or olfactory stimuli·, the stress .of 
the unnatural environmental conditions, any combination of 
these stimuli, endogenous rhythms or normal variation within a 
non-stimulated population, Normal variation within a pop-
ulation tends to mask general tendencies when the sample 
' size is small. 








Three equal groups of male and female Taricha 
~· ~anulos~, the rough-skinned newt, were subjected to 
24 hours of light, 12 hours of light and 12 hours of dark 
or 24 hours of dark for up to three weeks. No pattern was 
f'oUtld in the variation in the number of basophilic adeno-
hypophyseal cells, wet gonad weight or percentage of water 
in the gonads. It can not be statistically concluded that 
t' light influenced a change in the number ofbasophilic adeno• 
'' hypophyseal cells, the maturation of the gonads or the 
spermiation of the testes. A number of environmental and 
endogenous variables as well as variation within the popula-
tion and small sample size could all have played a role in 
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